































































































































































































































































































	 log𝑘%&' = 	𝛽	p𝑘& + 𝐶	 (6)	


















	 𝑘%&' = (𝑘;𝑘<)/(𝑘; + 𝑘<)	 (9)	
	 𝑘%&'/𝐾1 = (𝑘=𝑘;)/(𝑘> + 𝑘;)	 (10)		
	 (𝑘%&'/𝐾1)?/(𝑘%&'/𝐾1)𝜂 = (𝑘;𝜂ABC + 𝑘>)/(𝑘> + 𝑘;)	 (11)	 	



































































isotope effect = log(1 - f ) / log[(1 - f ) (Rs/Ro)]                            (12) 






















































































































































1	 4.10	 1.00	 1.10	 93	 8.5	x	10⁴	 -	 -	 93	 8.5	x	10⁴	
2	 5.45	 0.95	 0.63	 38	 5.9	x	10⁴	 1.8	 2.9	x	10³	 40	 6.2	x	10⁴	
3	 5.53	 1.00	 0.46	 167	 3.6	x	10⁵	 -	 -	 167	 3.6	x	10⁵	
4	 5.94	 0.98	 0.25	 105	 4.2	x	10⁵	 2.1	 8.0	x	10³	 107	 4.3	x	10⁵	
5	 7.14	 0.93	 0.32	 30	 9.5	x	10⁴	 2.4	 7.2	x	103	 32	 1.0	x	10⁵	
6	 7.38	 0.95	 0.95	 68	 7.2	x	10⁴	 2.8	 3.8	x	10³	 71	 7.6	x	10⁴	
7	 7.66	 0.57	 1.20	 18	 1.5	x	10⁴	 13	 1.1	x	10⁴	 31	 2.6	x	10⁴	
8	 7.95	 0.84	 0.67	 78	 1.2	x	10⁵	 15	 2.2	x	10⁴	 93	 1.4	x	10⁵	
9	 8.05	 0.49	 0.24	 0.26	 1.1	x	10³	 0.26	 1.1	x	10³	 0.6	 2.2	x	10³	
10	 8.43	 0.75	 0.39	 9.5	 2.4	x	10⁴	 3.2	 8.2	x	10³	 13	 3.3	x	10⁴	
11	 8.47	 0.53	 1.00	 1.7	 1.7	x	10³	 1.5	 1.5	x	10³	 3.2	 3.2	x	10³	
12	 8.56	 0.20	 0.55	 0.2	 2.7	x	10²	 0.60	 1.1	x	10³	 0.8	 1.4	x	10³	
13	 8.81	 0.87	 1.30	 18	 1.4	x	10⁴	 2.7	 2.1	x	10³	 21	 1.6	x	10⁴	
14	 9.28	 0.53	 0.27	 43	 1.6	x	10⁵	 38	 1.4	x	10⁵	 81	 3.0	x	10⁵	
15	 9.38	 0.03	 0.41	 1.2	 2.9	x	10³	 39	 9.5	x	10⁴	 40	 9.8	x	10⁴	
16	 9.91	 0.08	 1.60	 5.9	 3.7	x	10³	 72	 4.5	x	10⁴	 78	 4.9	x	10⁴	
17	 10.04	 0.23	 1.10	 16	 1.5	x	10⁴	 55	 5.0	x	10⁴	 71	 6.5	x	10⁴	
18	 10.29	 0.16	 0.44	 0.38	 8.6	x	10²	 2.1	 4.6	x	10³	 2.5	 5.5	x	10³	
19	 7.14	 0.78	 0.15	 5.9	 3.9	x	10⁴	 1.6	 1.1	x	10⁴	 7.5	 5.0	x	10⁴	
20	 8.05	 0.87	 0.43	 2.2	 5.1	x	10³	 0.3	 7.1	x	10²	 2.5	 5.8	x	10³	
21	 10.04	 0.85	 0.14	 3.7	 2.6	x	10⁴	 0.7	 4.7	x	10³	 4.4	 3.1	x	10⁴	
22	 10.78	 0.80	 0.085	 0.34	 4.0	x	10³	 0.08	 9.1	x	10²	 0.42	 4.9	x	10³	
23	 11.1	 0.58	 0.088	 0.48	 5.5	x	10³	 0.35	 4.0	x	10³	 0.83	 9.4	x	10³	
24	 12.5	 0.31	 0.11	 0.11	 1.0	x	10³	 0.25	 2.3	x	10³	 0.36	 3.3	x	10³	
25	 13.0	 0.95	 0.05	 0.043	 8.6	x	10²	 0.002	 4.9	x	10¹	 0.045	 9.1	x	10²	
26	 13.9	 0.26	 0.17	 0.033	 1.9	x	10²	 0.010	 5.7	x	10²	 0.043	 7.6	x	10²	










































































































































































































































































































	 15N	 18Obridge	 18Ononbridge	
alkaline	hydrolysis	 1.0007	±	0.0001a	 1.0060b	 1.0063	±	0.0001b	
Sb-PTE	(paraoxon)	 1.0009	±	0.0002	 1.0102	±	0.0006	 1.0036	±	0.0020	
Pd-PTE	(paraoxon)	 	 1.0020b	 1.0021	±	0.0004b	


























































Kinetic Isotope Effects with Paraoxon.  The kinetic isotope effects (KIEs) report on the 













~1.03	in	a	late	transition	state	with	nearly	full	bond	fission.18		This isotope effect has a 
normal contribution from P-O bond fission, but protonation or metal ion coordination will result 
in a diminished effect.29  For this reason, the magnitude of 18(kcat/Km)bridge in phosphatase-
catalyzed reactions is reduced in enzymes with functional general acid catalysis compared to 
their general acid mutants.  General acid catalysis reduces 18(kcat/Km)bridge to ~1.015 in protein 
tyrosine phosphatases, and metal ion complexation reduces it to 1.009 in an alkaline phosphatase 











































































































































His 258 His 475 
Wat 2 
Wat 1 α β 
Glu 407 
Glu 201 
His 389 His 317 
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